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Abstract 
In this paper multi-layer “Por-Si-on-Insulator”/SnOx sensor structures based on porous silicon and non-stoichiometric tin oxide 
are fabricated and studied. Two-layer structures “macro-porous silicon–meso-porous silicon”, with two types of porous silicon, 
bound by skeleton elements on a single substrate are grown. Oxide on macro-porous silicon walls and a buried layer of oxidized 
meso-porous silicon play the role of the insulator. Non-stoichiometric tin oxide deposited onto the extended surface of oxidized 
macro-porous silicon by magnetron sputtering process is the sensitive layer. The gas sensitivity is studied upon exposure to CO 
and H2S.. The sensitivity of the multi-layer “Por-Si-on-Insulator”/SnOx sensor structures is higher than the sensitivity of tin-oxide 
film samples. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Omsk State Technical University. 
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1. Introduction  
In the miniaturization of gas sensors, there arises a necessity in increasing the specific surface area of sensing 
elements with simultaneous reduction of overall linear dimensions. Both demands can be met using structures with 
developed surface, such structures permitting an increase in specific surface area that can be achieved through 
distribution of the sensing medium over the surface of some porous structure. An example of a material with 
developed surface is porous silicon [1-4]. Porous silicon has potential in micro- and nano-sensors as it allows 
obtaining structures widely ranging in specific surface area. In addition, structures based on porous silicon admit 
easy integration into silicon technological process [5]. 
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2. Material and methods  
Macroporous silicon layer was obtained by anodic etching of 380-μm thick polished p-type (100)-oriented silicon 
wafers (12 Ω∙cm, B-doped). The current density in the etching process, which was held in HF:C3H7NO [1:24] 
electrolyte, was j = 2.2 mA/cm2. In obtaining layers of porous silicon about 6 μm thick, the process lasted for 100 
minutes. 
For obtaining two-layer porous silicon, samples of macro-porous silicon were used. Those samples were washed 
in isopropyl alcohol and, then, a second anodic etching process in HF:C2H5OH [3:1] electrolyte at current density 20 
mA/cm2 was implemented. Prior to each etching procedure, the silicon substrate was kept in hydrofluoric acid 
during 15 minutes. 
Oxidizing treatment of macro-porous or two-layer porous Si samples was conducted in a flow of wet oxygen at 
temperature 1000 0С during three hours [6].  
In the magnetron sputtering process, Sn was sputtered in vacuum (at pressure 0.1 Pa) onto por-Si layer in argon 
plasma. The discharge current was 75 mA, and the discharge voltage, 300 V. The process duration was 30 min. The 
morphology of the material was examined using a JEOL JSM-6610-LV scanning electron microscope. 
Electrical measurements of test structures were performed using an Agilent LCR-Meter (model E4980A). 
Current-voltage (I–V) characteristics of our samples were measured using two aluminium contacts of 3.5-mm 
diameter deposited on the surface of each obtained structures. Measurements were performed on test structures 
placed in a sealed chamber at temperature T = 150 0C. 
3. Results and discussion  
3.1. Structure  with buried meso-porous Si layer 
For improving the insulation of macro-porous Si structures, to be covered with a layer of a gas-sensitive medium, 
from the silicon substrate, it was necessary to form an additional insulating layer which would allow obtaining of a 
“macro-porous Si-on-insulator” structure [7]. 
A SEM study of the structure of obtained multi-layer samples has showed that the pore formation process 
proceeded rather uniformly over the wafer surface yet irregularly. The pore of macro-porous layer diameters ranged 
from 0.6 to 2.2 μm; the majority of pores had diameters 1.3 to 1.6 μm. The vertical orientation of the pores was due 
to the crystallographic orientation of the single-crystal silicon wafer: for the most part, the pore formation process 
proceeded normally to the wafer surface [8]. The thickness of the meso-porous layer was 8 to 12 μm (Fig.1). 
 
 
Fig. 1. SEM image of a two-layer porous Si structure with a buried meso-porous Si: 1 – layer of macro-porous Si; 2 – buried layer of meso-
porous Si. Upper inset: morphology of the meso-porous layer in the vicinity of the macro-porous layer. Lower inset:  morphology of the meso-
porous layer in the vicinity of the single-crystal substrate. 
508   V.V. Bolotov et al.  /  Procedia Engineering  113 ( 2015 )  506 – 510 
As it is seen from Fig. 2, under the pores of the macroporous silicon there formed regions of meso-porous silicon, 
with crystalline Si “pins” having survived under the pore wall. As the anodic oxidation proceeded further, the 
regions of mesoporous silicon penetrated deeper into the substrate and merged together, thus forming a buried layer 
that contained crystalline Si “pins”. The depth to which the crystalline «pins» penetrated into the meso-porous Si 
layer depended on the thickness of the pore walls under which the “pins” were formed.  
 
 
Fig. 2. SEM image illustrating an early stage in the formation of a structure with a buried meso-porous layer. 1- single-crystal Si «pin», 2 – 
column of meso-porous Si. 
3.2. Formation of multi-layer structures Por-Si-on-insulator”/SnOx. 
During the heat treatment of two-layer porous Si structures in oxygen atmosphere, both the oxidation of the 
crystalline walls of the macro-pores and the oxidation of the buried layer of meso-porous silicon occur. The 
formation of a silicon dioxide layer was observed on the pore walls of the upper porous layer. In the latter case, 
however, the thickness of the silicon dioxide layer was not uniform over the pore length. Near the surface of the 
sample, the thickness of the SiO2 layer was about 200 nm, and this thickness increased in the direction towards the 
pore bottom. The latter regularity can be explained by specific features of the formation process of meso-porous Si 
layer on the walls of macro-pores near the pore bottom. The buried layer of meso-porous silicon gets oxidized as 
oxygen atoms diffuse into this layer through the bottom of macro-porous Si pores; here, individual SiO2 islands 
initially form, and then neighbouring SiO2 islands grow in size and merge together. In oxidation of thicker buried 
layers of meso-porous silicon, the survived crystalline «pins» turn out to be isolated from the substrate both with the 
oxide grown on macropore walls and with the oxidized layer of meso-porous silicon. Multi-Layer Structures “Por-
Si-on-Insulator”/SnOx have been obtained by deposition SnOx film on surface of oxidized two-layer porous Si 
structure (Fig.3). 
509 V.V. Bolotov et al.  /  Procedia Engineering  113 ( 2015 )  506 – 510 
 
Fig. 3. SEM image of “Por-Si-on-Insulator”/SnOx : 1 – layer of macro-porous Si; 2 – buried layer of oxidized meso-porous Si; 3- SiO2 layer on 
the surface of macro-porous silicon. Inset: morphology of the SnOx film on the macro-porous layer surface. 
3.3. Gas sensing properties 
Test sensor structures for gas-sensitivity measurements were fabricated using por-Si/SnOx composite layers 
based on two-layer porous silicon [9]. The gas sensitivity was studied by exposure to CO and H2S containing 
atmosphere and subsequent degassing in air at temperature 150 0C. As it is seen from Fig. 4, the interaction with CO 
and H2S causes a decrease of the resistance of test sensor structures due to the decrease in the resistance of the SnOx 
coating that covered the pore walls of macro-porous silicon [9].  
 
 
Fig. 4. Dynamic response of the obtained  two-layer por-Si/SnOx structures at T=150 0C to: A - CO; B - H2S. 
Through the more developed surface of the tin-oxide layers deposited onto the macroporous silicon, the 
sensitivity of “por-Si-on-insulator”/SnOx composites to CO and H2S proved to be higher than the sensitivity of tin-
oxide thin films (Tab.1). The gas sensitivity of test structures was determined as  
 
            (1) 
 
where ∆R  is change in resistance of the structures after gas exposure and R is the initial resistance of the structures. 
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                                            Table.1 Gas sensitivity of test structures to CO and H2S at T=150 0C. 
 830 ppm CO 830 ppm H2S 
Tin-oxide thin films no 0.12 
“Por-Si-on-Insulator”/SnOx 0.33 0.66 
4. Conclusion 
Multi-layer “Por-Si-on-Insulator”/SnOx sensor structures based on porous silicon and non-stoichiometric tin 
oxide with a developed surface of Si porous layer electrically insulated from the Si substrate are fabricated. The gas 
sensitivity of sensor structures is studied upon exposure to CO and H2S and degassing in air at T=150 0C. It’s shown 
that the grown structures exhibit sufficient sensitivity to CO and H2S for their applications in gas sensors.  
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